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Abstract
2219 aluminum has been used extensively in aerospace applications due to its ability to retain
strength in large section thicknesses, thus making it ideal for large forgings. However, the
Metallic Materials Properties Development and Standardization (MMPDS) handbook, a source
of design data for aerospace industry applications, lacks information on 2219 in the T852
condition, particularly concerning the behavior of the alloy under cyclic loading conditions. Data
was collected for forgings of 2219-T852 aluminum as produced by Weber Metals to determine
the fatigue life of the alloy-temper combination and to assess the effects of forge thickness and
orientation on fatigue life. The samples tested were taken from the longitudinal (L) and short
transverse (ST) orientations of 8″ and 12″ thick open die forgings of 2219-T852. Rotating beam
fatigue tests were conducted on polished samples under a fully reversed stress condition, with
stress levels ranging from 20 to 45 ksi. The applied stresses were plotted against the number of
cycles to failure to generate stress-life (S-N) curves for each orientation and thickness
combination. 8″ and 12″ thick ST samples were found to have comparable fatigue lives, while
the ST samples exhibited a higher fatigue life than L-oriented samples. Scanning Electron
Microscopy was used to characterize the fracture surfaces, with many pronounced beach marks
on samples that were subject to lower stress levels relative to samples tested at higher stress
levels.
Keywords: 2219-T852 aluminum, rotating-beam fatigue, fatigue life, open die forging, S-N
curve, materials engineering
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1.

Introduction

1.1 Problem Statement
Weber Metals (Paramount, CA) is one of the top suppliers of aluminum and titanium
forgings for use in the aerospace industry. One aluminum alloy that shows promise for further
application is 2219 in the T852 temper. This alloy is useful due to its thermal conductivity,
excellent weldability, but most notably for its ability to maintain strength in large section
thicknesses. It is also well suited to high-temperature applications such as the rear flaps of jet
engines. Aircraft components are often subjected to cyclic loading, making it essential to know
the fatigue behavior of the alloys used for these components. However, Weber Metals has
limited fatigue data for this alloy based on the information contained within the Metallic
Materials Properties Development and Standardization (MMPDS) database. As customers
approach Weber Metals with interest in using 2219-T852 in new and untested ways, there is little
to no data to support the performance of this alloy and temper under cyclic loading conditions.
Therefore, the purpose of this project is to collect data on the number of cycles to failure and
produce stress-life curves for Weber Metals’ open-die forgings of 2219-T852 aluminum, which
will allow them to compare the fatigue behavior of this alloy to the behavior of more
traditionally used aluminum alloys.
1.2 Stakeholders
The primary stakeholder in this project is the sponsor, Weber Metals. With the results of
this project, Weber Metals will be more informed as to the behavior of their forgings of 2219T852 Al under cyclic loading conditions. This information can aid them in the decision to pursue
certifiable design lab data on 2219-T852 Al if meaningful to provide their customers with fatigue
data on the 2219-T852 alloy and continue to be a premier supplier of high-performance
aerospace forgings. The customers that Weber Metals works with are also stakeholders in this
project. This includes companies such as Boeing, Pratt & Whitney, and General Electric
Aviation. Additional stakeholders include the users of aircraft that contain structural components
made of 2219-T852. It is critical that there is data to understand the cyclic loading behavior of
this material and that these components behave as the data predicts so they can be serviced or
replaced prior to failure, thus preventing injury or loss of life to passengers and crew.
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1.3 Broader Impacts
The MMPDS database is the primary source of design allowable properties for metallic
components used in aerospace applications around the world. In the United States, this database
informs the certifications the Federal Aviation Administration and Department of Defense must
issue before an aircraft component is approved for flight. Currently, the MMPDS database lacks
significant information on the properties of 2219-T852 Al, particularly with regards to fatigue.
Without information on the fatigue performance of this alloy and temper, it is difficult for the
aerospace industry to further utilize this material in the development of more specialized aircraft
components that are subject to cyclic loading conditions, or for the appropriate agencies to
approve the use of such components.

2.

Background

2.1 Fatigue
Fatigue is defined as the progressive, localized, permanent deformation that occurs in
materials subjected to fluctuating stresses and strains.1 It is a form of failure that appears in
structures such as bridges, aircraft, and machine components. After a significant number of
loading cycles, a crack may form at a point or points in the component, which will grow with
subsequent fluctuations until the crack can propagate rapidly through the material and failure
occurs. Fatigue fractures are caused by cyclic stress, tensile stress, and plastic strain, which work
simultaneously to nucleate cracks, propagate them, and ultimately cause failure of the
material.1 Failure due to fatigue cracking is often not recognized until component failure, which
may result in significant economic and safety-related consequences. Therefore, it is necessary to
understand how materials behave under cyclic loading conditions to design appropriate structural
components for industry use.
Fatigue is reported graphically as a stress (S) versus cycles-to-failure (N) curve, or S-N
curve, where S is represented on the y-axis as the stress amplitude, and N is represented on the xaxis in a log scale as the number of cycles to failure (Figure 1). There are two primary forms of
fatigue: high-cycle and low-cycle. High-cycle fatigue is associated with lower stress levels where
deformations in the material are entirely elastic, resulting in longer fatigue lives. In low-cycle
fatigue, the material experiences higher stress levels, resulting in both elastic and plastic
deformation. Low-cycle fatigue ultimately leads to shorter fatigue lives. The fatigue limit or
2

strength refers to the stress amplitude about zero mean stress below which fracture does not
occur, or only occurs after a large number of cycles (greater than 107).1

Figure 1 – Best fit S-N curves for notched 2219-T851 aluminum plate, longitudinal orientation.2

Fatigue data are typically represented for a specific R-value, the ratio of the minimum
stress to the maximum stress a sample experiences throughout a test. The R-value, which may
range from -1 to 1, is dependent on the stress loading condition. Loading in the rotating-bending
fatigue test is referred to as a fully reversed loading stress cycle with R = −1 (Figure 2). In this
case, the sample is subjected to an alternating maximum tensile (positive) stress and a minimum
compressive (negative) stress of equal magnitude as it is rotated and bent. As the sample is
rotated, it experiences compressive stress along the upper surface and tensile stress along the
lower surface. When under tension, the sliding of crystallographic slip planes is made easier,
leading to the initiation of microcracks on the surface or at stress concentrators in the material
near the surface. Over a number of cycles and as stress on initiation sites increases, microcracks
can grow to a critical size, propagate, and ultimately fracture the sample.

3

Figure 2 – Schematic representation of the fully reversed loading stress cycle, where the mean stress on the sample is zero.3

2.2 2219 Aluminum Alloy
Aluminum and its alloys are extensively used in aerospace applications for many of their
excellent properties, including corrosion resistance, high ductility, and high specific strength.
Aluminum can be classified into two categories: cast alloys and wrought alloys. Alloys are
further categorized based on the method of property development. The properties of both cast
and wrought alloys are enhanced by either mechanical deformation or the precipitation of
intermetallic particles through thermal treatment. Mechanical processing and heat treatment
performed on the alloy are denoted by a temper designation: a letter followed by a one to threedigit number. Properties are also affected by the presence of alloying elements. Major alloying
elements for aluminum alloys include copper, magnesium, silicon, manganese, and zinc.
2xxx aluminum alloy series are frequently used in applications requiring highly stressed
components.4 Alloys within these classes are known for possessing both high toughness at high
strength values while also being highly weldable with excellent thermal conduction. These
properties make them popular choices for use in the aerospace industry as large structural
members or as weldable components.5
The focus of this work is on 2219 aluminum that was solution heat treated, stress relieved
by compression, and artificially aged to the T852 temper condition. T8 indicates the alloy has
been solution heat-treated, cold-worked, and artificially aged. Tx52 indicates the alloy has been
stress-relieved by compressing to produce a permanent set of 1-5%. 2219 Al has specification
strength limits to sections up to 19 inches thick, making it ideal for exceptionally large forgings
that must harden in large section thicknesses.6 The next alloy to approach this limit is 7050 Al,
4

which is rated to 8-inch thick sections. 2219 aluminum also exhibits high strength during periods
of thermal exposure. It is capable of retaining its strength at 250ºC for short periods, while other
alloys lose strength quickly at temperatures not even approaching 200ºC.6
2.3 Open Die Forging
Forging is a bulk-forming process in which a stock material is heated and mechanically
deformed under compressive forces until the desired shape is achieved. The raw material is
typically in billet or slab form, and under compressive loading, the surface-to-volume ratio of the
material increases significantly.7
In open die forging, also known as hand forging, the heated stock is progressively
shaped by repeated hammering or pressing between two flat, uncut dies. Since a die does not
constrain the material, exceptionally large forgings can be produced using this method. The only
limitation on the size of an open die forging is the capacity of the equipment necessary for
heating, handling, and forging the workpiece.7 The repeated working of the metal results in a
more refined microstructure with a continuous grain flow and finer grain size (Figure 3). The
forging process also improves the microstructure by reducing porosity and breaking down any
possible inclusions. This improved and homogenized grain structure lends the material enhanced
properties not present before forging, such as increased strength, toughness, and fatigue
resistance.

Figure 3 – The open die forging process results in a refined grain structure and improved mechanical properties.9
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3.

Experimental Procedure

3.1 Safety
All fatigue tests using the Fatigue Dynamics RBF-300 HT tester were conducted at room
temperature in a controlled lab environment. Personal Protective Equipment (PPE) including
long pants, closed-toe shoes, and safety glasses were worn while operating the fatigue tester.
Sample preparation for scanning electron microscopy was performed safely in accordance with
written Standard Operating Procedures (SOPs).
3.2 Sample Preparation
Testing utilized samples from the longitudinal (L) or short transverse (ST) forge
orientations sourced from forgings with a total thickness of either 8″ or 12″. Samples were from
8″ ST, 12″ L, and 12″ ST thickness and orientation combinations. 8″ L samples were not tested
as a part of this project due to the geometry of the original forging. The unnotched fatigue
samples were machined by Weber Metals to a 4″ length and 0.498″ gage diameter, with a
reduced diameter of 0.249″ at the center of the sample. The sample utilized this geometry to
ensure fatigue failure in the center of the sample and not in one of the ends clamped in the
fatigue tester. The drawing of the fatigue samples can be found in Appendix A.
A polishing procedure was established and performed prior to each test to produce a
smooth, defect-free surface and minimize test variability. The samples were first polished along
the longitudinal direction using 600-grit abrasive paper. The samples were then loaded into the
machine and polished circumferentially using 800 and 1200-grit paper. Samples were finished
using 1µm polycrystalline diamond abrasive. The samples were cleaned with soap and water
between each step of the polishing process. The polishing procedure can be found in Appendix
B.
3.3 Rotating Beam Fatigue
Samples were tested under six stress levels ranging from 45 ksi to 20 ksi in 5 ksi
increments. The tested stress levels were all below 49 ksi, the average yield strength of Weber
Metals’ forgings of 2219-T852 Al. The number of replicates at each stress level varied, with
fewer replicates tested at the lower and higher stress levels and more replicates at the
intermediate stress levels of 30 ksi and 35 ksi for a total of 60 samples tested. The tests were run
until the sample fractured. In most tests, the samples fractured all the way through, but in some
6

cases fracture did not occur entirely through the sample. The rotating beam fatigue test machine
had a cutoff feature that shut off the machine once the sample had fractured, thus ending a test.
The number of cycles to failure was recorded with a built-in cycle counter. Two zeros (x100)
were added to the displayed count to obtain the actual number of cycles to failure. Once testing
was completed, the average fatigue life for each forging thickness and orientation at each stress
level was calculated (Table I). The full data set for each forging thickness and orientation can be
found in Appendix C.
Table I. Average Cycles to Failure of Forged 2219-T852 Aluminum Fatigue Samples
Stress Level (ksi)
20

25

30

35

40

45

12″ L

1.46E+06

3.43E+05 9.17E+04 3.83E+04 1.78E+04 8.53E+03

12″ ST

5.49E+06

7.31E+05 1.26E+05 5.31E+04 2.44E+04 1.18E+04

8″ ST

2.62E+06

3.00E+05 1.23E+05 4.95E+04 2.38E+04 1.29E+04

Rotating beam fatigue is simply modeled as cantilevered bending in which one end of
the sample is fixed, and a load is applied to the free end. In the rotating beam fatigue machine,
the sample is fixed on the left-hand side and driven by the motor. The right-hand side of the
sample is the free end that is attached to a load arm that provides the bending force. The load is
applied to the sample by adjusting the poise weight along the bottom of the machine (Figure 4).

Sample

Poise Weight
Figure 4 – Fatigue Dynamics RBF-300 HT unit with a sample mounted in the collets. Sliding the poise weight horizontally
allows for the sample to be loaded and unloaded as necessary.
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By setting the poise weight at different positions along the machine, a moment is
generated to act as the desired load on the sample. The moment positions for the poise weight
were calculated using the following equation:
𝑀=

𝜋𝑆𝐷'
32

(1)

Where M is the moment in inch-pounds, S is the desired bending stress level in psi, and D is the
minimum gage diameter of the sample. Using a gage diameter of 0.249″ and converting the
desired stress from ksi to psi, the poise weight values were calculated (Table II).
Table II. Poise Weight Moment Settings
Stress (ksi)

45

40

35

30

25

20

M (in-lb)

68

61

53

45

38

30

Most tests were run at a frequency of 40 Hz rather than 60 Hz to minimize the effects of
vibration at the higher frequency. Practice tests performed at 60 Hz had excess movement of the
weight near the cutoff switch adjust screw, which was found to trigger the cutoff switch in some
cases. Additionally, the high vibrations at 60 Hz occasionally caused the cutoff switch
adjustment screw to become loose and trigger the machine to turn off prematurely.
The procedure for the operation of the rotating beam fatigue test machine can be found in
Appendix B.
3.4 Scanning Electron Microscopy
Scanning Electron Microscopy (SEM) analysis was performed to characterize the fatigue
fracture surfaces. To accomplish this, samples were sectioned to isolate the fracture surfaces,
cleaned with isopropanol alcohol to remove any residual polishing compound, and gently dried
with compressed air to ensure complete evaporation of the alcohol.

4.

Results

4.1 Fatigue Testing
The average number of cycles to failure for each sample combination were plotted
against the stress amplitude to generate S-N curves (Figures 5-7). At the higher stress levels (3045 ksi), samples performed comparably and there was no discernable difference between
8

samples from different orientations or thicknesses. However, at the lower stress levels, the short
transverse samples outperformed the longitudinal sample with the exception of the 8″ ST sample
at 25 ksi (Figure 6).
A test is considered to be a runout is when the test runs for more than 107 (10 million)
cycles. Only one test reached runout at the 20 ksi stress level. This was a 12″ ST sample that ran
for 2.00E+07 cycles until failure.

(a)

(b)

Figure 5 – (a) Plot of the 20 data points to show the variation of the results for 12″ L samples of 2219-T852 aluminum. (b) SN curve for the average fatigue life of 12″ L samples.

(a)

(b)

Figure 6 – (a) Plot of the 20 data points to show the variation of the results for 12″ ST samples of 2219-T852 aluminum. (b) SN curve for the average fatigue life of 12″ ST samples.
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(a)

(b)

Figure 7 – (a) Plot of the 20 data points to show the variation of the results for 8″ ST samples of 2219-T852 aluminum. (b) SN curve for the average fatigue life of 8″ ST samples.

(a)

(b)

Figure 8 – (a) Plot of all 60 data points collected during the testing. (b) The S-N curve for unnotched 2219-T852 Al samples
showing the difference between forging thickness and orientation on fatigue life.

4.2 SEM Imaging
12″ ST samples tested at 25 ksi and 35 ksi were imaged at low magnification to display
the entire fracture surface and identify potential fracture initiation sites. Failure points were
identified in two locations for the 25 ksi sample (Figure 9a). While the initiation sites themselves
were too small to be identified at this scale, evidence of crack growth with slow propagation
from the outside edge of the sample towards the center is clear. On the surface of the 35 ksi
sample, four fracture locations were identified (Figure 9b). Like that of the 25 ksi sample, these
locations are found around the outside edge of the sample. The fracture locations are found
around the outside edge due to the geometry of the sample; as the sample rotates in the collets,
10

stresses accumulate at the furthest point from the sample midline, which is the outside surface.
At a higher stress level, the regions of crack propagation surrounding each initiation site were
smaller than comparable regions on the lower stress level sample. Accordingly, there were more
initiation sites found on samples tested at higher stresses.

2
3
2

4

1

1

(a)

(b)

Figure 9 – Macroscopic images of the fracture surfaces of 12″ ST samples tested at (a) 25 ksi and (b) 35 ksi. Initiation sites on
both samples are numbered in red.

A 12″ ST sample tested at 20 ksi which failed after 5.49E+06 cycles was examined
further to more clearly identify an initiation site (Figure 10a). At this initiation site, stress
concentrated at a small inclusion or oxide and the crack nucleated from there with additional
stress exposure. As the sample underwent additional cycles of tension and compression,
numerous parallel ridges built up around the initiation site and radiate outwards from it. These
ridges were identified as beach marks, a classic indicator of fatigue failure (Figure 10b).
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(b)

(a)

Figure 10 – A 12″ ST orientation sample tested at 20 ksi. (a) A view of the fracture surface near an outside edge, highlighting
both an initiation site (red arrow) and beach marks. (b) The same sample at 1900x magnification, more clearly depicting beach
marks.

The fracture surface characteristics of samples fractured at different stress levels were
also compared. For comparison to the 12″ ST sample tested at 20 ksi, a 12″ ST sample tested at
35 ksi was imaged (Figure 11). The beach marks seen clearly at 20 ksi are also seen at 35 ksi,
though they are smaller, shallower, and closer together.

(a)

(b)

Figure 11 – Two 12″ ST orientation samples, tested at (a) 20 ksi and (b) 35 ksi to display the difference in size, depth, and
extent of beach marks (marked in orange) found on both fracture surfaces.
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5.

Discussion

5.1 Fatigue Life
Previous work suggests that the longitudinal orientation exhibits better fatigue life than
the short transverse.10 The expected difference in fatigue life stems from the difference in grain
orientation of the samples. The samples taken from the longitudinal orientation have larger
grains that flow along the direction of the sample, slowing down the propagation of a crack as
the sample undergoes cyclic loading. Samples taken from the short orientation have many
smaller grains and the boundaries of these grains serve as pathways for crack propagation.
Contrary to the previous literature, there was no discernable difference in the fatigue life of
longitudinal and short transverse samples of 2219-T852 forgings.
5.2 SEM Analysis
Initiation sites were found near the outside edges of all samples, which is consistent with
the highest stresses experienced by the sample during testing. The higher number of initiation
points at greater stress levels suggests that smaller cracks initiated at multiple sites and each
grew a smaller distance before encountering other crack fronts and propagating on a larger scale.
Conversely, the fewer initiation points found on the low-stress samples show the cracks had to
nucleate, grow, and propagate quite independently, resulting in a higher number of cycles to
failure.5 This is also exhibited in the distance between beach marks found, which are a hallmark
of fatigue behavior. Samples that were tested at higher stress levels have fewer cycles to failure
and small regions of crack growth and propagation by beach marks, which is compatible with the
higher energy at the crack tip.

6.

Conclusions
1. Fatigue data was successfully collected for Weber Metals’ forgings of 2219-T852
aluminum, and from this data S-N curves were produced. This data may be used to guide
and inform Weber Metals’ customers regarding potential future and continued uses of
2219-T852 Al.
2. For this data set, there is no statistically significant effect of forging orientation or
thickness on the fatigue life of 2219-T852 Al.
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Appendices
Appendix A: Rotating Bending Fatigue Sample Drawing
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Appendix B
B.1 Polishing Procedure for Rotating Bending Fatigue (RBF) Machine Samples
1. Ensure the sample is clean of debris and grime.
2. Use a small strip of 600-grit abrasive paper to grind the surface of the hourglassshaped sample. Grind along the length of the sample in the longitudinal direction until the
entire region of reduced area has been ground evenly.
3. Clean the sample using soap and water. Thoroughly dry the sample.
4. Fasten the sample securely into the RBF machine. Turn the machine on to a frequency
between 20-30 Hz.
5. Use a small strip of dampened 800-grit abrasive paper to polish the surface of the
hourglass-shaped sample circumferentially as the sample rotates in the
machine. Polish for 60-90 seconds or until the sample has a smooth, even surface finish.
6. Remove the sample from the RBF machine.
7. Repeat steps 3 and 4 to clean the sample and replace it in the RBF machine.
8. Use a small strip of dampened 1200-grit abrasive paper to polish the surface of the
hourglass-shaped sample circumferentially as the sample rotates in the
machine. Polish for 60-90 seconds or until the sample has a smooth, even surface finish.
9. Remove the sample from the RBF machine.
10. Repeat steps 3 and 4 to clean the sample and replace it in the RBF machine.
11. Use a soft polishing pad with 1µm polycrystalline diamond abrasive to perform
a circumferential final polish on the sample. Polish for 1-2 minutes or until the sample
has a smooth, mirror-like surface finish. Clean the sample with a soft, damp cloth.
12. Visually inspect the surface of the sample for deep scratches or other visible flaws. If in
good condition, proceed with sample testing. If a flaw is identified, acquire a new sample
and repeat this procedure.
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B.2 Rotating Bending Fatigue (RBF) Machine Operating Procedure

Figure 12 - Labeled schematic of Fatigue Dynamics RBT-300HT rotating beam fatigue testing machine

1. Attach Collet Extenders to RBF Sample
a. Slide collet extender onto end of the sample until it bottoms out in the collet (it should go
on easily).
b. Hand tighten collet screw using appropriate Allen key. Repeat this procedure for the
other collet extender for the other end of the sample.
c. Wrench tighten the collet screws on each end using an open ended wrench to hold the
extender while tightening.
2. Mounting Sample with Collet Extenders in RBF Machine
a. Ensure that the Poise Weight is at the zero position and the speed controller knob is set to
zero (fully counterclockwise).
b. Pull the Safety Guard straight upward free from the block base. The Safety Guard is held
only by a friction fit.
c. Swing the Load Arm up and to the right so that the sample can be inserted into the RBF
machine spindle collet. Remove the Safety Bar from Load Arm if necessary.
d. Insert left-hand end of collect extender into the RBF machine spindle collet (left side of
machine). Tighten with appropriate wrenches.
Note: The collet is marked with arrows to show the direction of loosening the collet. To
tighten collet, go opposite of arrows.

17

e. Lower the Load Arm and insert the right-hand end of collet extender into the Load Arm
collet. Replace the Safety Bar and tighten with the appropriate wrenches.
Note: In wrench tightening the Load Arm collet, particular care should be taken to ensure
only pure torsional wrenching is used and no bending forces are applied to the sample.
f. Replace the Safety Guard into its block base.
g. Ensure that both the spindle collet and Load Arm collet are sufficiently tightened prior to
proceeding to next step.
3. Fatigue Cycling
a. Make sure the Speed Controller knob is at zero and the Poise Weight is at zero in-lbs
load.
b. Turn on the Main Switch to the RBF machine located underneath the Motor. Be sure the
Switch is in the fully on position.
c. Depress the Cutoff Switch Reset Tab (if necessary) located at the right-hand side of the
RBF machine. Back off the Cutoff Switch Adjust Screw by turning it counterclockwise.
This is so the machine does not shut off while the sample is being loaded.
d. Remove the Safety Bar from the Load Arm and hold on to the Load Bearing Housing
with your hand and slowly turn the Speed controller Knob clockwise to the desired test
frequency. For these tests it was 40 Hz. At zero load applied, the machine should run
smoothly with minimal vibration.
Note: If the machine is vibrating excessively with no load applied, remove the sample
from the machine and readjust the collet extenders.
e. Begin to load the sample.
i. Make sure the Cutoff Switch Adjust Screw is backed off enough.
ii. Loosen the Lock Screw on the Poise Weight and slowly begin to move it along the
Calibrated Beam to the required bending moment setting.
Caution: Do not allow the Poise Weight to overshoot the target load!
Note: Watch for interference between the Cutoff Switch Adjust Screw and the Cutoff
Switch.
iii. When the desired applied moment setting is reached, quickly reset the Cycle Counter
to zero cycles without stopping the machine.
iv. Fix the Poise Weight to the Beam by tightening the Lock Screw.
Note: If the machine is vibrating excessively at this point, slow the machine down to
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a frequency in which it runs smoothly.
f. Adjust the Cutoff Switch actuation by slowly turning the Cutoff Switch Adjust Screw
clockwise until the bottom of the screw is 1-2 mm from the Switch (need to look
carefully here).
g. With the RBF machine now running at the desired conditions, it is best to observe it for a
while to ensure the test runs smoothly.
4. Post-Test
Note: Sample fracture causes the Load Arm to vibrate at a higher amplitude than when
cycling and trigger the Cutoff Switch. This causes the machine to stop and end the test. The
sample may or may not be completely fractured.
a. Take note of the number of cycles to failure displayed on the Cycle Counter. The Counter
increments every 100 cycles so two zeros need to be added to the number shown on the
display to obtain the actual number of cycles to failure.
b. Return both the Poise Weight and Speed Controller Knob to their respective zero
positions. That is move the Weight back to zero in-lbs and rotate the Knob fully
counterclockwise to zero.
c. Remove the sample from the RBF machine.
Caution: Take care in removing the sample as the fracture surface must be preserved for
later examination.
i. Take out the Safety Guard.
ii. Replace the Safety Bar onto the Load Arm and loosen the Load Arm collet with the
appropriate wrenches. Once loosened, slide it off the collet extender. Repeat this step
on the spindle collet to remove sample from RBF machine.
Note: The collet extender may remain stuck even after loosening the collet. Should
this occur, a few light taps with the plastic mallet on the collet will release the collet
extender.
iii. Remove the collet extenders from the sample.
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Appendix C: Fatigue Data
Table III. Fatigue Test Results for All Tests on 12″ L Samples
Date

Thickness

Orientation
L

Stress Level
(ksi)
45

4/15/2019

12

4/29/2019

8.20E+03

12

L

45

7.30E+03

5/6/2019

12

L

45

1.01E+04

4/22/2019

12

L

40

2.09E+04

5/4/2019

12

L

40

1.69E+04

5/11/2019

12

L

40

1.56E+04

5/1/2019

12

L

35

4.20E+04

5/2/2019

12

L

35

3.58E+04

5/5/2019

12

L

35

4.08E+04

5/12/2019

12

L

35

3.47E+04

4/9/2019

12

L

30

1.65E+05

4/18/2019

12

L

30

6.98E+04

5/4/2019

12

L

30

8.76E+04

5/5/2019

12

L

30

9.09E+04

5/11/2019

12

L

30

4.48E+04

4/19/2019

12

L

25

4.87E+05

5/1/2019

12

L

25

3.64E+05

5/11/2019

12

L

25

1.77E+05

5/6/2019

12

L

20

3.85E+05

5/8/2019

12

L

20

2.53E+06

20

Cycles

Table IV. Fatigue Test Results for All Tests on 12″ ST Samples
Date

Thickness

Orientation
ST

Stress Level
(ksi)
45

5/6/2019

12

5/11/2019

1.09E+04

12

ST

45

9.40E+03

5/11/2019

12

ST

45

1.50E+04

5/1/2019

12

ST

40

2.89E+04

5/5/2019

12

ST

40

2.14E+04

5/10/2019

12

ST

40

2.28E+04

4/29/2019

12

ST

35

4.33E+04

5/4/2019

12

ST

35

4.51E+04

5/12/2019

12

ST

35

5.17E+04

5/12/2019

12

ST

35

7.22E+04

4/8/2019

12

ST

30

2.10E+05

4/17/2019

12

ST

30

9.50E+04

5/4/2019

12

ST

30

1.05E+05

5/4/2019

12

ST

30

1.06E+05

5/9/2019

12

ST

30

1.15E+05

4/4/2019

12

ST

25

9.26E+05

4/10/2019

12

ST

25

9.16E+05

5/5/2019

12

ST

25

3.50E+05

4/5/2019

12

ST

20

5.49E+06

5/12/2019

12

ST

20

2.00E+07

21

Cycles

Table V. Fatigue Test Results for All Tests on 8″ ST Samples
Date

Thickness

Orientation
ST

Stress Level
(ksi)
45

5/4/2019

8

5/6/2019

1.44E+04

8

ST

45

1.27E+04

5/12/2019

8

ST

45

1.17E+04

4/3/2019

8

ST

40

2.48E+04

5/11/2019

8

ST

40

2.53E+04

5/12/2019

8

ST

40

2.14E+04

4/15/2019

8

ST

35

5.67E+04

4/22/2019

8

ST

35

4.06E+04

4/30/2019

8

ST

35

4.87E+04

5/5/2019

8

ST

35

5.20E+04

4/3/2019

8

ST

30

1.44E+05

4/9/2019

8

ST

30

1.16E+05

4/16/2019

8

ST

30

1.34E+05

5/6/2019

8

ST

30

1.36E+05

5/10/2019

8

ST

30

8.27E+04

4/8/2019

8

ST

25

2.45E+05

4/24/2019

8

ST

25

4.31E+05

5/11/2019

8

ST

25

2.23E+05

4/17/2019

8

ST

20

4.53E+06

5/13/2019

8

ST

20

7.09E+05

22

Cycles

